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@) Ink for ink Jet printing. 



Fast drying ink compositions contain a colorant, water and a cosdvent. Some of the ink compositions 
dry in less than about 1 second and have a viscosity of betwween about 1^6 and about 2.5 centipoise and 
a specified surface tension. Some of the ink compositions contain specified cosoh^ents, preferat)ly a 
mixture of diethylene glycol monobutyl ether and glycerol. 
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This invention rebates to ink jet printing, and more particulariy, to ink compositions suitable for ink let orin- 
ters. ^ 

Ink compositions, especially those for use with ink jet printers, must satisfy a number of conditions In order 
to achieve acceptable printing. 
5 The ink composition should possess properties which pemnit it to be jetted appropriately from an ink jet 

printer. In ink jet printing, droplets of ink are expelled from nozzles onto a recording medium. The ink should 
form a meniscus at each nozzle prior to being expelled in the fomrt of a droplet. After a droplet is expelled, ad- 
ditional Ink surges to the nozzle to refonn the meniscus. Important properties of the ink in this context indude 
the ink's viscosity and surface tension. 
10 Generally, adjustment of the viscosity of an ink composition can negatively affect the print quality and/or 

drying time of the ink. This may result in excessive feathering or wicking along the paper fibers due to capillary 
action, and longer drying times at higher viscosity. Adjustments to the surface tension to improve a certain char- 
acteristic of the ink may adversely affect other characteristics thereof. 

In many applications, fast drying Inks are desiined. The drying time of an image can limit both the speed 
15 and the architecture of an Inkjet printer. Faster drying inks allow one to design a faster printer which would not 
constrain its architecture. However, the drying time of the ink should not be such that It dries in the nozzle of 
the ink jet printer, thus clogging the nozzle. On the other hand, slow drying inks have limited use In printers 
requiring high throughput. 

Printing different colored inks next to each other often results in intercolor bleeding with conventional Inks, 
20 Thus, it would be desirable if inks could be fonnulated which dried instantaneously to minimize intercolor bleed^ 
ing. Accordingly, fast drying inks are desirable, especially in conjunction with color Inkjet printers. 

Drying time and print quality of an Ink may be affected by the material on which the ink Is applied. For ex- 
ample, paper is often sized with sizing components for the purpose of retarding or preventing penetration of 
liquids into the structure. This is comnrronly done by introducing a material to the pulp during the paper making 
25 operation. Paper may be sized internally or on the surface. Acid sizing chemicals, such as Mon size avaSable 
from Monsanto Chemical Company, or alkaline sizing chemicals, such as Hercon-76 available fix)m Hercules 
Company, are precl-pitated onto the fibers primarily for the purpose of controlling penetration of liquids into the 
final dry paper. This process is known as internal sizing. Surface sizing involves the application of dispersions 
of film-fomiing substances such as converted starches, gums and modified polymers to previously formed pa- 
30 per. Surface sizing Imparts strength to the paper and thus high quality printing papers are often surface sized 
as well. These and other materials tend to adversely affect the manner in which a particular ink dries. 

As used herein, the terni "plain paper* represents all standard office and xerographic paper except for pho- 
tographic and thermal paper. 

U.S. Patent No. 4,838,938 to Tomida et al dis- closes a recording liquid comprising a special host molecule 
35 with inclusion abflity. a dye, a liquid medium, a dispersing agent, a surfactant, a viscosity controller, and a sur- 
face tension controller. The liquid medium may comprise water and/or organic solvent Organic solvents indude 
isopropyl alcohol and N-methyl-2-pyn-olidone. The surfactant may comprise cationic, anionic or nonionic sur- 
factant. The viscosity controller may comprise polyvinyl alcohol, celluloses, water soluble resins, etc. The sur- 
face tension controller may comprise diethanolamine, trieth a nol amines, etc. A preferred viscosity at 25°C is 5 
40 centlpoise or less, more preferably 3 centlpoise or less, with a surface tension of 35 to 65 dynes/cm. 

^ U.S. Patent No. 4.923,515 to Koike et al discloses an ink composition comprising water, an organic solvent, 
a dye, surfactants, viscosity controllers, and surface tension controllers. The organic solvents may comprise 
alkyi alcohols, amides, ketones or ketoalcohols, ethers, alkylene glycols, etc. 

U.S. Patent No. 4.847,316 to Schick et al dis- closes an ink composition comprising a homogeneous blend 
45 of water dispersible polyurethane. water dispersible polyester, a solvent system containing water or water ad- 
mixed with a cosolvent. The cosolvent may include diethylene glycol monomethyl ether, diethylene glycol, n- 
propyl alcohol, diethylene glycol monoethyl ether, diethylene glycol monopropyl ether, and diethylene glycol 
monobutyl ether. Water comprises at least about 90.0 weight percent of the solvent system. 

U.S. Patent No. 4,150,997 to Hayes discloses an ink composition comprising an aqueous solution, a dye 
50 solubilizer. and butyl carbitol. The percentage, by weight of butyl cart^itol may be from about 5 to 7 percent. The 
butyl carbitol acts as a dye stabilizer and wetting agent. 

U.S. Patent No. 4, 1 63,001 to Carumpalos et al discloses an ink composition comprising a laked alkali stable 
basic dye wherein the taking agent is dispersed in a liquid medium having butyl carbitol. water, a nonionic sur- 
factant, and an amino alcohol. 
55 U.S. Patent No. 4,378,564 to Cross et al discloses an ink composition comprising water, dye, and glycol 

ether. The glycol ether may include butyl cellosolve (glycol monobutyl ether), butyl carbitol, and mixtures there- 
of. 

U.S. Patent No. 4,508,570 to Fujii et al discloses an aqueous ink component comprising a water-soluble 
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dye, a polyhydric alcohol and/or an alkyi ether, water, and at least one water-soluble non-ionic surface active 

agent. The non-Ionic surface active agent may comprise a polyoxyethylene alkyI amine, a polyoxyethylene alkyI 

phenyl ether or a polyoxyethylene alkyI ether. 

U.S. Patent No. 4,740,549 to Okuzono et al discloses a wipe-erasable ink composition for a writing board, 
5 and is thus inrelevant to ink jet inks. The ink composition comprises a dye, an organic solvent, and a non-ionic 

surface active agent. The nonionic surface active agent may include polyoxyethylene sorbitol monostearate, 

polyoxyethylene oleyl ether, polyoxyethylene stearyl ether, etc. 

U.S. Patent No. 4,889,877 to Seitz discloses a printing ink composition comprising water, a non-volatile 

diluent, oil-containing microcapsules, a protective colloid blend, and a binder ennulsion or alkali soluble resin. 
10 The non-volatie diluent may comprise methyl giucoside, dimethyl urea, sorbitol, erythritol, and polyoxyethylene 

polyols. 

U.S. Patent No. 4,836,852 to Knirsch et al discloses an ink composition comprising a dye in a mixture of 
water and glycol wetting agents. The dye may include solubilizing agents such as N-methyl pynrolidone and 
derivatives thereof. A surface tension of between 35 and 40 dynes/cm is disclosed. 
15 Although the ink compositions of the prior art provide inks with certain advantageous qualities, it is desirable 

to provide inks having fast drying times and good print quality. 

The present invention provides fast drying ink compositbns (drying in less than about one second on plain 
paper) comprising a dye, water and a cosolvent. The ink compositions preferably contain about 5 to about 40 
percent by weight of the cosolvent and have a surface tension of less than about 42 dynes/cm, preferably less 
20 than 35 dynes/cm or between 32 and 40 dynes/cm. and a viscosity of about 1.6 to about 3.0, preferably about 
2.5, centipoise. Preferred embodiments include specified cosolvents, preferably a mixture of diethylene glycol 
nDonobutyl ether and glycerol. 

The present invention provides Ink compositions having fast drying times and good print quality. Other ad- 
vantageous characteristics that can be provided by ink compositions in accordance with the invention are high 
25 frequency responses and acceptable water fastness and latency properties. Generally, Ink compositions of the 
present invention comprise an ink vehfcle, such as water or a rnixture comprising water and a water solutrfe or 
water misclble organic solvent, and a colorant soluble in the ink vehicle. The ink composition may be free of 
host molecules having inclusion ability. 

Ink compositions of the invention may contain about 50% to about 92% by weight of water and about 2% 
30 to at)out 40% by weight of at least one water miscible cosolvent as the ink vehicle, about 2% to about 8% by 
weight of colorant, and about 5% to about 1 0% by weight of optional additives. 

A prefenred fast drying ink composition of the invention comprises water, dye, and about 2% to about 40% 
by weight, more preferably at least 5%, even more preferably about 10% to about 25% by weight, of at least 
one cosolvent, and has a viscosity of about 1.6 to about 2.5 centipoise, a surface tension of less than about 
35 40 dynes/cm, preferably less than 35 dynes/cm (for example, about 28 to less than atx>ut 35 dynes/cm) or be- 
tween 32 and 40 dynes/cm, and a drying time of less than about 1 second on plain paper. (Viscosity values 
herein are measured at 25**C.) More preferably, the ink dries in less than about 0.6 second (normalized to 80 
pL drop volume) on plain paper, and optimally dries in about 0.2 to about 0.6 seconds. In one particulariy pre- 
ferred embodiment, the cosolvents lower the drying time without the need for surfactants. However, the ink com- 
40 position may further comprise about 0.02% to about 0.6% by weight of at least one surfactant. Altematlvely, 
the ink composition may further comprise about 0.01 % to about 5.0% by weight of a polymeric surfactant. The 
inks preferably have a high frequency response, for example. Fmax > 5kH2. Fmax is the maximum frequency 
at which the ink jet ink can be jetted from the ink jet printhead. Frequencies higher than 5kHz are usually ob- 
tained with inks of low viscosity, preferably lower than 2 centipoise. In this embodiment, a cosolvent such as 
45 diethylene glycol monobutyl ether may be present in a concentration as low as 2 or 3% by weight. 

Cosolvents which may be utilized in preferred embodiments of the present invention include propylene car- 
bonate, ethylene carbonate, 1-cyclohexyl-2-pyrrolidone, diethylene glycol monobutyl ether, isopropanol. 1-me- 
ttiyl- 2-pyrrolidone, 2-amino-2-methyl-1-propanol, methyl diethanol amine, pyrazole, benzyl alcohol, 1,3-dime- 
thyl-2 imidazolidinone. propylene glycol monomethyl ether, dipropylene glycol monomethyl ether, tripropylene 
50 glycol monomethyl ether, propylene glycol mono-t-butyl ether, ethylene glycol ethyl etiier acetate, ethylene gly- 
col methyl ether acetate, ethylene glycol butyl etiier, diethylene glycol butyl ether and its acetate, propylene 
glycol metiiyl ether acetate, dipropylene glycol methyl ether acetate, tripropylene glycol methyl ether acetate, 
and mixtures thereof. High molecular weight glycols, for example, glycerol, D-sorbitol, ethylene glycol, propy- 
lene glycol and the like, and propylene glycol ethers and acetates, may be used in an amount from about 0.1 
55 % to about 15% by weight, preferably about 1% to about 8% by weight, to improve latency. 

In another prefenred embodiment, the cosolvent is selected from the group consisting of propylene carbon- 
ate, ethylene carbonate, 1-cyclohexyl-2- pyrrol id one. 2-amino-2-methyl -1-propanol. pyrazole, benzyl alcohol, 
ethylene glycol ethyl ether acetate, etiiylene glycol methyl ether acetate, ethylene glycol butyl ether, diethylene 

3 



BNSDOCID: <EP ^05iai59A1J,> 



EP 0 514 159 A1 

glycol butyl ether ^acetate, propylene glycol methyl ether acetate, dipropylene glycol methyl ether acetate, tri- 
propylene glycol methyl ether acetate, and mixtures thereof. Use of these cosolvents may pemnit one to expand 
beyond the specific parameters discussed with respect to the previous embodiment while still achieving highly 
satisfactory results. For example, suitable parameters for these embodiments may include surface tensions of 

5 about 28 to 42 dynes/cm and viscosities of about 1.05 to about 3.0 centipoise. 

It has been observed that the addition of diethylene glycol monobutyt ether (hereinafter "DEG-MBE, also 
known as butyl carbitol) and glycerol as the cosolvent to ink compositions provides preferable fast drying inks. 
The addition of DEG-MBE and glycerol allows for an increase in the viscosity of the ink and a decrease in the 
drying time. In this embodiment, the ink composition may have a viscosity ranging firom about 1.45 centipoise 

10 to about 2.55 or even 3.0 centipoise, and preferably less than about 2.2 centipoise. Ink compositions having 
a similar viscosity but not containing DEG-MBE and glycerol have significantly longer drying times. The surface 
tension of the inks of the invention containing DEG-MBE and glycerol may range from about 28 dynes/cm to 
about 40- 45 dynes/cm, and preferably may range from about 33 dynes/cm to about 40 dynes/cm. 

DEG-MBE may be present in the ink composition in an amount ranging from about 3 to about 40^© by 

IS weight preferably about 7 to about 25% by weight. Glycerol may be present in the ink composition in an amount 
ranging from about 3 to about 16% by weight, preferably about 4 to about 10% by weight. The ratio of DEG- 
MBE to glycerol is preferably about 60:40 for optimum print quality. Generally, these ink compositions may con- 
tain about 50% to about 90% by weight of the ink vehicle, about 2.5% to about 8% by weight of the colorant, 
and about 8% to about 25% by weight of the combination of diethylene glycol monobutyl ether and glycerol as 

20 the cosolvent, and about 0% to about 10% by we ight of other additives, based on weight of the total composition. 

The addition of DEG-MBE and glycerol to an ink composition permits inks which have significantly shorter 
drying times (less than 1 second), have improved Jettability when compared to lower viscosity inks, have mini- 
mized intercolor bleeding, and are compatible with dyes used in the ink compositions. 

Use of some of the subject cosolvents may permit the present ink compositions to be free of surfactant 

25 and still obtain an appropriate surface tension (e.g., 28-42 or less than 35 dynes/cm). However, the above inks 
may also contain conventional or polymeric surfactants for lowering surface tension and improving jetting char- 
acteristics, including for example, polyoxyalkyleneamines (e.g., Jeffamine ED-600, Jeffamine E[>-900, Jeffa- 
mine ED-2001 , Jeffamine ED-4000), propoxylated ( poly- (oxy propylene)) diamines (e.g., Jeffamine C-346), al- 
kyl ether amines (e.g., Jeffamine M-2005, leffamine M-2070 available from Texaco Chemical Co.), nonyl phenol 

30 ethoxylates (e.g., Rexot 1 30 available from Hart Chemicals), ethoxyiated fatty amines (e.g., Hartonyl L535 and 
Hartonyl L537 available from Hart), Luviquat FC370 (copolymer of 1-vlnyl-3-methyl imidazolium chloride and 
vinylpyrrolidone In water), quaternized copolymers of vinylpyrrolldone and dimethyl aminoethyl methacrylate 
(e.g., Gafquat 755N and Gafquat 734 available from GAF Chemical Corporation), fluorinated organic acid die- 
thanolamine salts (e.g., Lodyne P201 E available from Ciba-Geigy), alkoxylated ethylenediamines (e.g., Tetron- 

35 ic 908 available from BASF), Petrowet R, sodium cumene sulfonates (e.g., Witconate SCS firom Witco Corp.), 
Monamine ALX 100S. Monafax 1214, Monafax 1293 (available from Mona Industries, Inc.), polyethylene ox- 
ides, polyoXyalkylene polyalkylene polyamines (C2H4N)n-(PO)^-(EO)y-OH (e.g., Discole N-503, N-508. N-509, 
N-512, N-515, N-518. N-520), polyoxyalkylene polyalkylene polyimines (C2H4N)n-C2H4N-((A0)x(EO)y-OH)2 
(e.g., Discole N-206, Discole W-3225 available from Dai-lchi Kogyo Seiyaku Co., Ltd. (DKS International)), al- 

40 cohol sulfate sodium salts (e.g., Duponol Me Dry, Duponol D Paste), alcohol ether sulfate sodium salts (e.g.. 
Duponol RA), alcohol sulfate amine salts (e.g., Duponol G available from duPont), nonionic surfactants con- 
taining alkyi phosphate ethoxylate mixtures (e.g., Merpol A available from duPont), dipropylene glycol methyl 
ether/(2-methoxy-methylethoxy)-propanol (e.g., Dowanol DPM firom Dow), polyoxyalkylene derivatives of pro- 
pylene glycol (e.g. Pluronics). Strodex, Arcosolv, polyoxyethylated fatty alcohols (e.g., Peregal O), etc. The sur- 

45 factants, if used, are present in an amount from about 0.01% to about 5.0% by weight and preferably firom about 
0.1 % to about 3% by weight of the total compositfon. However, the ink compositions of the invention can meet 
the above criteria without the use of surfactants. 

Polymeric additives can be added to inks to enhance their viscosity. Such additives include water soluble 
polymers such as gum arable, polyacrylate salts, polymethacrylate salts, polyvinyl alcohols, hydroxy propyl- 

50 cellulose, hydroxyethylcellulose, polyvinyl pyrrolidinone, polyvinylether, starch, polysaccharides, and the like. 

Other optional additives to inks include biockles such as Dowicil 150, 200, and 75, benzoate salts, sorbate 
salts, sodium omadine, and the like, present in an amount of from about 0.0001 to about 4 percent by weight, 
and preferably from about 0.01 to about 2.0 percent by weight, humectants and penetration control additives 
such as ethylene glycol, diethylene glycol. N-^methyl pyrrolidinone, propylene glycol, hydroxyethers, ethers, 

55 amides, sulfoxides, ketones, lactones, esters, alcohols, butyl carbitol, benzyl alcohol, cydohexylpyrrolidinone, 
1,2- hexanediol, and the like, present in an amount of from 0 to about 50 percent by weight, and preferably 
firom about 5 to about 40 percent by weight; pH controlling agents such as acids or bases, phosphate salts, 
carboxylate salts, sulfite salts, amine salts and the like, present in an amount of from 0 to about 1 percent by 

4 
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weight and preferably from about 0.01 to about 1 percent by weight; or the like. 

The colorant may be any material which pemnits the development of visible images on a recording medium 
such as paper. The colorant may include dyes, pigments, and the like. The colorant is preferably a dye. Gen- 
erally, any effective dye, such as one of the direct, acid or reactive dyes, can be selected as the colorant, pro- 

5 vided that it is compatible with the other ink components and is soluble in the ink vehicle. Examples of suitable 
^ dyes include anthraquinones, monoazo dyes, disazo dyes, phthalocya nines, aza(1 8)annulenes, and formazan 

copper com- plexes. Particularly preferred dyes which may be used in the ink compositions of the invention 
include, for example. Food Black #2, Direct Black (D8) 168, 19, 154, 38, Acid Blue 9 (triphenyl methane dye), 
Projet Cyan, Projet Magenta, Acid Yellow 23. Preferred reactive dyes include vinylsulfonyl, trichioropyrimidine, 

10 dichtoro-triazinyl and chlorotriazinyl dyes. 

Inks can be prepared by any process suitable for preparing aqueous-based inks. For example, the ink in- 
gredients can be mixed in the desired amounts and stirred until a uniform Ink composition results (typically about 
30 minutes or more, preferably about 2 hours at about SO^'C, although the mixing/stirring time can be either 
greater or less than this). While not required, the ink ingredients can be heated during mixing if desired. Sub- 

15 sequent to mixing and stirring, the ink composition generally is filtered, preferably with a 0.5 micrometer filter, 
to remove any solid or particulate matter. Any other suitable processes for preparing inks can also be employed. 

The ink compositions of the invention preferably can be used in ink Jet printing systems. Inks generally used 
in an ink jet printing system preferably are capable of being utilized without clogging or leaking in either the 
type of printing system which uses thermal energy to produce a vapor bubble in an ink-filled channel to expel 

20 a drop of ink, or the type of system which uses a piezoelectric transducer to produce a pressure pulse that expels 
droplets from a nozzle. 

The invention will further be illustrated In the following, non-limiting examples, it being understood that these 
examples are intended to be illustrative only and that the invention is not intended to be limited to the materials, 
conditions, process parameters, and the like recited herein. 

25 

EXAMPLE I 

A series of black, cyan, magenta and yellow Thermal Ink Jet (TIJ) inks is prepared containing 10% propy- 
lene cari^onate. 3.0% Food Black #2 (or 3% Acid Yellow 23, or 35% Projet Magenta, or 30% Projet Cyan), 4% 

30 of a polymeric surfactant, Discole N-506, and deionized water. These inks have identical surface tensions of 
about 35.5 dynes/cm, viscosities ranging from about 1.8 to 1.9 centipoise and drying times on the order of 0.3 
second. Each set of inks is printed on an experimental printerto give prints showing minimum inlercolor bleeding 
and feathering. These inks can also jet at frequencies (Fmax) above about 5 KHz. Inks with the same basic 
composition are also prepared except that 0-1 % by weight, preferably 0.02-0.08% by weight, sodium lauryl sul- 

35 . phate is used as a surfactant instead of the Discole N-506. These inks also give prints showing minimum feath- 
. ering (printed on a Deskjet printer). Other co-solvents, at 15% in water, are used in the above formulations to 
prepare inks drying in less than 1 second. These co-solvents are identified in Table 1. It is also found that inks 
containing polymeric surfactants such as Discoles and Jeffamlnes improve the jetting characteristics of TIJ inks. 
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TABLE 1 

1 ETHYLENE GLYCOL MONOMETHYL ETHER 

2 PROPYLENE CARBONATE 

3 TRIETHYLENEGLYCOL MONOMETHYL ETHER 

4 PROPYLENE GLYCOL 

5 OIPROPYLENE GLYCOL MONOMETHYL ETHER 

6 PROPYLENE GLYCOL MONOMETHYL ETHER 

7 2-AMINO-2-ETHYL-l,3-PROPANEDIOL 

8 NMP (N-METHYL PYRROLIDINONE) 

9 l,3'DIMETHYL-2-IMIDAZOLIDINONE 

10 1-PROPANOL 

1 1 MONATROPE 1 296 (LOW FOAMING ORGANIC PHOSPHATE ESTER. 
SURFACTANT FROM MONA INDUSTRIES, INC.) 

12 l-(3-AMINOPROPYL)-2-PYRROLIDINONE 

13 2-AMINO-2-M ETHYL- 1-PROPANOL 

14 BENZYL ALCOHOL 

1 5 TRlS(HYDROXYMETHYL AMINO) METHANE 

16 ETHYLENE CARBONATE 

17 l-CYCLOHEXYL-2-PYRROLIDINONE 

18 WITCONATE SCS (SODIUM CUMENE SULFONATE) 

19 CYCLOHEXANONE 

20 DEG^MBE 

21 DEG-MBE/GLYCEROL (60/40) 

22 GLYCEROL 

23 DIETHYLENE GLYCOL 

24 ETHYLENE GLYCOL 

25 POLYETHYLENE GLYCOL 

26 PROPYLENE GLYCOL MONOMETHYL ETHER 

27 1-CYCLOHEXYL-2-PYRROLIDINONE/DISCOLEN-503 

28 10% PROPYLENE CARBONATE/2% DISCOLE N-503 

29 1 5% DEG-M8E/1 % DISCOLE N-506 

30 1 5% DEG-MBE/GLYCEROL (60/40) 

31 15% DEG-MBE/1% SODIUM LAURYL SULFATE 

32 1 5% DEG-MBE/1 % DISCOLE N.503 

33 1 5% PROPYLENE GLYCOL METHYL ETHER/3% DUPANOL RA 

34 1 5% DEG-MBE/GLYCEROL (68/32) 

35 PROPYLENE GLYCOL METHYL ETHER/1 % DUPANOL D 

36 15% 1-CYCLOHEXYL-2-PYRROLIDINONE/1% DISCOLE N-503 

37 7% PROPYLENE CARBONATE/1% DISCOLE N-503 

38 10% PROPYLENE CARBONATE/1% DISCOLE N-506 



EXAMPLE II 

Two series of Inks are prepared. The first series has a vehicle that gives low viscosity inks, yet drying times 
are quite long. The inks of this series contain 3% dye and 5.25% diethylene glycol in deionized water. The sec- 
ond series of inks is made using 6% DEG-MBE and 4% glycerol in deionized water. These inks have much 
shorter drying times, and viscosities of 1.45-1.55 centipoise, and therefore jet better in a printhead due to re- 
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duced printhead face wetting at higher viscosity for inks of low surface tension. The table below compares the 
drying times of these two vehicles. 
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A =z Brazil XED 518 Paper 

8 = Lock Haven 405813-4 Paper 

C = IP Alkaline 4297-CDIM Paper 

WS = Wire Side 

FS = Felt Side 
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From the two tables above, it is seen that when the vehicle contains 4% glycerol and 6% DEG-MBE (as 
in Series #2) the drying times on plain paper are significantly decreased. The decrease in the surface tension 
is an important factor in decreasing the drying time. 

The inks prepared with the DEG-MGE and glycerol show significantly improved drying times on plain paper, 
and their viscosities are in a range that permits them to jet well in the printhead. If these viscosities are obtained 
by simply increasing the glycol concentration, the drying times may be one minute or longer on plain paper. 
The degree of intercolor bleeding is also minimized when the inks have such fast drying times. 
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1 . An ink composition, comprising water, dye and about 2% to about 40% by weight of at least one cosolvent, 
the composition having a viscosity of about 1.6 to about 2.5 centipoise. a surface tension of about 28 to 
less than about 35 dynes/cm, and a drying time of less than about 1 second on plain paper. 

2. A composition in accordance with claim 1 , wherein said at least one cosolvent is selected from the group 
consisting of propylene carbonate, ethylene carbonate, l-cydohexyl- 2-pyrrolidone, diethylene glycol 
monobutyl ether, isopropanol, 1-methyl-2-pyrrolidone, 2>amino-2-methyl -1-propanol, methyl diethanot 
amine, pyrazole, benzyl alcohol, 1,3-dimethyl-2-imidazolidinone, propylene glycol monomethyl ether, dn 
propylene glycol monomethyl ether, tripropylene glycol monomethyl ether, propylene glycol mono-t- butyl 
ether, ethylene glycol ethyl ether acetate, ethylene glycol methyl ether acetate, ethylene glycol butyl ether, 
diethylene glycol butyl ether acetate, propylene glycol methyl ether acetate, dipropylene glycol methyl 
ether acetate, tripropylene glycol methyl ether acetate, and mixtures thereof. 

3. A composition in accordance with claim 2, further comprising at least one member selected from the group 
consisting of glycerol, D-sorbltol, ethylene glycol and propylene glycol. 



4. A composition in accordance with claim 1 , wherein said at least one cosolvent comprises diethylene glycol 
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monobutyl ether and glycerol. 

5. An ink composition comprising an ink vehicle, a colorant, diethylene glycol monobutyl ether and glycerol. 

g 6. A composition in accordance with claim 5, having a viscosity of about 1 .45 centipoise to about 1 . 55 cen- 
tipoise and a surface tension of about 28 to about 45 dynes/cm. 

7. A composition in accordance with any one of claims 4 to 8, comprising about 3% to about 40% by weight 
of said diethylene glycol monobutyl ether and about 3% to about 16% by weight of sakJ glycerol. 

8. An ink composition comprising a colorant, water and about 2% to about 40% by weight based on total 
weight of the composition of at least one cosolvent selected from the group consisting of propylene car- 
bonate, ethylene carbonate, 1-cyclohexyl-2-pyrro!idone, 2-amino-2- methyl-1-propanol. pyrazole. benzyl 
alcohol, ethylene glycol ethyl ether acetate, ethylene glycol methyl ether acetate, ethylene glycol butyl 
ether, diethylene glycol monobutyl ether acetate, propylene glycol methyl ether acetate, dipropylene glycol 
methyl ether acetate, tripropylene glycol methyl ether acetate, and mixtures thereof. 

9. A composition in accordance claim 8, having a viscosity of at>out 1.6 to about 2.5 centipoise, a surface 
tension of about 28-42 dynes/cm, and a drying time of less than about 1 second on plain paper. 

20 10. A composition in accordance with any one of the preceding claims, further comprising a surfactant 
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